GRAPHIC DISPLAY APPARATUS FOR ROBOT SYSTEM 
BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a graphic display 
apparatus for robot system used in off-line programming of a 
robot, in which a model of the robot displayed on a screen is 
caused to move in animation form. 

2. Description of the Related Art 

There is a conventionally know method in which a 3-D 
model of a robot is rendered on a screen, the rendered 3-D 
model of the robot is caused to move in animation based on a 
motion program inputted to the robot, and the motion by the 
teach program is checked and adjusted. 

A motion simulation for moving the 3-D model of the 
robot in animation based on the teach program is useful for 
correction of a robot motion programming by checking the 
robot motion and detecting a relation between the robot 
motion and a peripheral device, a machine and a part 
(workpiece) relating to the robot operation. 

In a conventional graphic display apparatus for a robot 
system for carrying out a simulation of the teach program by 
moving a 3-D model of a robot and peripheral device, machine 
and part related to a robot operation, there is a problem that 
when dimension of the peripheral device, the machine and the 
part related to the robot operation is changed, for example, 



whenever dimension of a tool to be mounted to the tip of a 
robot arm is changed or dimension of a part to which a sealing 
agent is applied or which is to be welded is changed, the 3-D 
model has to be newly created and registered. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
graphic display apparatus for robot system which allows an 
operator to easily create a shape model of a robot itself, a 
peripheral device, machine or a part of the robot, which is 
necessary to cause a model of the robot displayed on a screen 
to move in animation form. 

To attain the above object, one embodiment of the 
graphic display apparatus for robot system according to the 
present invention comprises: means for displaying and 
arranging a 3-D model of a robot on a display screen to cause 
the displayed model to move in animation on the screen; 
means for storing the 3-D model of the robot and one or more 
of 3-D models of a peripheral equipment, a machine or a part, 
which is used in a system using the robot; and means for 
selecting one or more 3-D models stored in the storing means 
on the display screen. 

Further the above graphic display apparatus for robot 
system comprises means for adjusting a dimensions of the 3-D 
model, selected by the selecting means, on the screen. 

With this arrangement, the 3-D model of the robot of 



which dimensions was adjusted by the adjusting means, or the 
3-D model of the robot and the 3-D model of a peripheral 
equipment, a machine or a part, which was selected by the 
selecting means, of which dimensions were adjusted by the 
adjusting means, are displayed and arranged on the display 
screen, so that at least a part of the system using the robot is 
approximated. 

The other embodiment of the graphic display apparatus 
for robot system according to the present invention comprises: 
means for displaying and arranging a 3-D model of a robot on 
a display screen to cause the displayed model to move in 
animation on the screen; a first storing means for storing the 
3-D model of the robot: a second storing means for storing one 
or more 3-D models of a peripheral equipment, a machine or a 
part, which is used in a system using the robot; means for 
selecting one or more 3-D models stored in the second storing 
means on the display screen; and means for adjusting a 
dimension of the 3-D model selected by the selecting means, 
on the screen. 

With this arrangement, the 3-D model of the robot, and 
a the 3-D model of the peripheral equipment, the machine or 
the part, which was selected by the selecting means, of which 
dimension were adjusted by the adjusting means, are 
displayed and arranged on the display screen, so that at least 
a part of the system using the robot is approximated. 

When the shape of the robot does not require so much 



change, a 3-D model of the robot whose dimension was already 
adjusted is stored, and this stored 3-D model is used for the 
robot. 

The graphic display apparatus for robot system further 
comprises means for displaying, on the screen in animation, 
the robot motion corresponding to at least a portion of a robot 
program. 

Especially, 3-D models of the peripheral equipment, the 
machine or the part are classified by kinds, a plurality of 
different types are displayed on the screen for each of the 
classified kinds, and a 3-D model is selected from the 
displayed types. • 

The graphic display apparatus for robot system further 
comprises means for adding a 3-D model of the peripheral 
equipment, the machine or the part of the robot in the storing 
means so as to meet a requirement of a newly added 
peripheral equipment, machine or part. 

The graphic display apparatus for robot system further 
comprises a robot controller and means for sending and 
receiving information, and the shape of the 3-D model of the 
peripheral equipment, the machine or the part is adjusted 
based on position data. These data are obtained by moving 
the tool center point (TCP) of an actual robot to a plurality of 
positions which constitute characteristic features of an actual 
peripheral equipment, machine or the part corresponding to 
the 3-D model of the peripheral equipment, the machine or the 



part and then detecting these positions, or obtained by 
mounting a sensor on an actual robot and detecting the 
positions which constitute characteristic features of an actual 
peripheral equipment, machine or the part corresponding to 
the 3-D model of the peripheral equipment, the machine or the 
part. 

Further, by capturing a plan view of layout of an 
operation system using a robot by means of a scanner or the 
like from outside, displaying the plan view on the screen, and 
arranging on the screen a 3-D model of the peripheral 
equipment, the machine or the part in correspondence with 
the layout, modeling of a production system is carried out 
using the robot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a block diagram showing an essential portion of 
an embodiment of a graphic display apparatus for a robot 
system of the present invention; 

Fig. 2 is a flowchart showing a procedure for creating an 
object library according to the embodiment; 

Fig. 3 is a flowchart showing a procedure of a modeling 
procedure according to the embodiment; 

Fig. 4 is a flowchart showing a procedure for arranging 
the model of an object to a work cell according to the 
embodiment; 

Fig. 5 is a flowchart showing shape changing processing 



for an object 3-D model according to the embodiment; 

Fig. 6 is a flowchart showing a procedure for rearranging 
the object by touch up by a robot according to the embodiment; 

Fig. 7 is a flowchart showing a procedure for rearranging 
the object using a vision sensor according to the embodiment; 

Fig. 8 is an explanatory diagram of an object library 
menu screen according to the embodiment; 

Fig. 9 is an explanatory diagram of a screen displaying a 
selected object model according to the embodiment; and 

Fig. 10 is a plan view of a work cell of the embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig.l is a block diagram showing an essential portion of 
a graphic display apparatus 1 for a robot system according to 
one embodiment of the present invention. The graphic 
display apparatus 1 for the robot system includes a processor 
10. Connected to the processor 10 through a bus 17 are a 
ROM 11, a RAM 12, a battery -protected nonvolatile memory 
13 comprising a CMOS memory, a display unit 14, a 
communication interface 15 connected to a robot controller 
and the like through a line of communication, a scanner 16 for 
capturing image, and the like. 

The display unit 14 includes a graphic control circuit 
14a, display means 14b comprising a liquid crystal display or 
a CRT, a keyboard 14c, a mouse 14d and the like. The 
graphic control circuit 14a, the keyboard 14c and the mouse 



14d are connected to the bus 17. 

In the present invention, 3-D models of various 
peripheral devices, machines and parts relating to robot 
motions are stored in advance in the nonvolatile memory 13. 
The examples of the various peripheral devices, machines and 
parts relating to robot motion of which 3-D models are created 
are an automobile and workpieces such as machine parts, 
which are directly operated by a robot, a peripheral device 
such as a tool automatic exchanging apparatus for 
automatically exchanging a tool of an end effector mounted to 
a tip of a robot arm, an end effector mounted to the tip of a 
robot arm, a jig, and a robot itself. In the following, such a 
robot, peripheral devices, machines and parts relating to robot 
motion are generally called "object". 

Peripheral devices, machines and parts are classified by 
kinds, and 3-D models thereof are stored in the nonvolatile 
memory 13. In this embodiment, as shown in Fig. 8, 
assuming that there are a number of workpieces such machine 
parts which are directly operated by a robot, these workpieces 
are divided into two classes, i.e., "workpiece 1" and "workpiece 
2", and a 3-D model of each workpiece (part) is stored. One 
class of "device" is allocated to machines such as peripheral 
devices. Machine end effectors mounted to the tip of a robot 
arm are classified into "spotgun" for spot guns, "arctool" for 
arc tools, "handtool" for hand tools, and "tool" for other tools. 
Further, classes of "jig" for jigs and "robot" for robots are also 



prepared, and the 3-D models of the objects are classified by 
kinds and stored. 

Fig. 2 is a flowchart showing an input procedure of 
shapes of the 3-D models of objects ( peripheral devices, 
machines and parts). If an object 3-D model register mode is 
selected using the keyboard 14c, the processor 10 starts the 
processing shown in Fig. 2. 

First, a message urging an operator to input a class and 
name of an object and a name and shape of a part is displayed. 
Then the operator, according to the message, inputs a class 
and name of an object and further a name of a part (if there 
are a plurality of parts for the object). And the operator 
inputs the shape of the object or part using a modeling system 
in a form defined by a polyhedron as in the conventional 
manner (step Al). 

When inputting of the shape is completed, the operator 
inputs a definition of a dimension line with respect to the 
object and a constraint condition to be considered when the 
shape of the object is subjected to change (step A2). 
Definition of a dimension line is carried out by selecting an 
edge line at a position where the dimension of the object can 
be changed and setting a length of a leader line with respect 
to the dimension line and a color of the dimension line. 

For example, it is assumed that for an object 3-D model 
30 shown in Fig. 9, an origin of coordinate systems is set at the 
apex PI, and the direction advancing from the apex PI to the 
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apex P4 is Y axis plus direction, the direction advancing from 
the apex PI to the apex P2 is X axis plus direction, and the 
direction advancing from the apex PI to the apex P5 is Z axis 
minus direction. Further, it is assumed that the shape of the 
the object 3-D model 30 can change but it shape change is 
limited to only X and Y axes direction, not changing in Z axis 
direction. For this 3-D model 30, dimension lines are defined 
for edge lines which can change its length. Fig. 9 shows an 
example in which four dimension lines are defined between 
the apexes P2 and P3, between the apexes PI and P2, between 
the apexes P4 and Pll, and between the apexes Pll and P9. 

A constraint condition which stipulates how the shape of 
an object has to be changed when a dimension of the object, 
set in advance with respect to the object, is changed is set. In 
this embodiment, as the 3-D model of an object is specified by 
the form of a polyhedron, a change in shape of the object 
means a change in a distance between the apexes. 
Accordingly, in this case, a constraint condition providing a 
mode of change in the position of the apexes of which 
coordinates are to be changed when the dimension is changed 
in association with the change of the shape. 

In the example shown in Fig. 9, the constraint condition, 
in creating a shape, associated with the change in the length 
of the dimension line between the apex PI and the apex P2 or 
change of the X axis coordinate value of the apex P2 provides 
that the X axis coordinate values of the apexes P3, P7 and P6 



has to be changed. Thereupon, there is set a constraint 
condition providing that the X axis coordinate value of the 
apex P2 and the X axis coordinate values of the apexes P3, P7 
and P6 are equal to each other. As the coordination check 
condition in this case, a condition providing that the X axis 
coordinate value of the apex P2 is greater than the X axis 
coordinate value of the apex PI is set. 

Similarly, the constraint condition associated with 
change in the dimension between the apexes P2 and P3 
provides that the Y axis coordinate value of the apex P3 is 
equal to the Y axis coordinate values of the apexes P7, P9 and 
P10 is set. As the coordination check condition, a condition 
providing that the Y axis coordinate value of the apex P3 is 
greater than the Y axis coordinate value of the apex P2 is set. 

The constraint condition associated with change in the 
dimension between the apexes P4 and Pll provides that the X 
axis coordinate value of the apex Pll is equal to the X axis 
coordinate values of the apexes P9, P10 and P12 is set. As 
the coordination check condition, a condition that the X axis 
coordinate value of the apex Pll is greater than the X axis 
coordinate value of the apex P4 is set. 

The constraint condition associated with change in the 
dimension between the apexes Pll and P9 provides that the Y 
axis coordinate value of the apex P9 is equal to the Y axis 
coordinate values of the apexes P3, P7 and P10 is set. As the 
coordination check condition, a condition that the Y axis 
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coordinate value of the apex P9 is greater than the Y axis 
coordinate value of the apex Pll is set. 

When the shape of the object, the definition of the 
dimension line, the constraint condition and the coordination 
check condition are set in this manner, the processor 10 stores, 
in the nonvolatile memory 13, data for specifying the object 
shape and data for defining the dimension lines as the object 
library, based on the inputted data (step A3). The object 
name (object identifier), phase data, geometric data, 
dimension line data, constraint condition data, coordination 
check condition data are stored. The identifier is called ID, 
hereinafter. 

Phase data such as name of a part (object ID), apex ID, 
and edge line ID, and relation between the phase data are 
stored. These phase data is obtained from the polyhedron 
shape of the 3-D model which is analogous to the object 
created in step Al. 

An edge line formula with respect to the edge line ID 
stored as a phase data, a surface formula with respect to a 
surface ID, 3-D position data with respect to an apex ID are 
stored as the geometric data. The geometric data is also 
obtained from the polyhedron shape of the 3-D model which is 
analogous to the object created in step Al. 

The dimension line data set in step A2 is stored as 
dimension line data, and this data is stored in the following 
manner- 

ll 



"dim, object ID, part ID, apex ID, apex ID, direction of 
the dimension leader line, length of dimension leader line, 
color of dimension line". 

For example, in the case of the dimension line between 
the apexes PI and P2 shown in Fig. 9, dimension line data set 
in step A2 is^ 

"dim, test2, Text4, 1, 2, 1, -200, 2". 

In the above formula, "dim" is a code defining the 
dimension line. "test2 n is an object ID expressing an object 
name. "Text4" is a part ID expressing a part name. The next 
"1" and "2" represent the apexes PI and P2, respectively. The 
arrangement of two apexes in the dimension line means the 
coordinate value of the former apex is not changed while the 
coordinate value (in the direction of command) of the latter 
apex is changed when a length of a dimension line is changed. 
In the above example, it means that the coordinate value of 
the apex PI is not changed while the coordinate value of the 
apex P2 is changed. The next "1" represents a direction of 
the dimension leader line. In this case, "0" represents X axis 
direction, "1" represents Y axis direction, and "2" represents Z 
axis direction. The next "-200" represents a length of the 
dimension leader line, and the last "2" represents a code of a 
display color of the dimension line. In the above example, 
stored is data indicating that a dimension line is provided 
between the apexes PI and P2 of the part "Text4" of the object 
"test2", a leader line of that dimension line has a length of 200 
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in the Y axis minus direction, and the leader line and the 
dimension line are displayed with a color corresponding to the 
code "2". 

The constraint condition set in step A2 is stored in the 
form of following data" 

"moveabs, object ID, part ID, apex ID, direction, apex ID, 
direction,". 

For example, as a constraint condition in association 
with the dimension line between the apexes PI and P2 shown 
in Fig. 9 provides that the X axis coordinate value of the apex 
P2 is equal to the X axis coordinate values of the apexes P3, 
P7 and P6, this constraint condition is stored in the following 
form. 

"moveabs, test2, Text4, 2, 0, 3, 0 
moveabs, test2, Text4, 2, 0, 7, 0 
moveabs, test2, Text4, 2, 0, 6, 0". 

In the above formulas, "moveabs" is a code of the 
constraint condition. "test2" and "Text4" are the object ID 
and the part ID, respectively. The next "2, 0, 3, 0" indicates 
apex P2, direction 0, apex P3, direction 0", respectively. As 
for the direction, "0" is X axis direction, "1" is Y axis direction 
and "2" is Z axis direction. Specifically, "2, 0, 3, 0" means 
that the X axis coordinate value of the apex P2 is equal to the 
X axis coordinate value of the apex P3. 

The coordination check data is stored in the following 
manner* 
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"checkifgtpos, object ID, part ID, apex ID, direction, 
apex ID, direction,' 1 . 

The above formula means that the coordination is 
fulfilled only when the value of the coordinate axis specified 
by the first "direction" of the apex specified by the first "apex 
ID" is greater than the value of the coordinate axis specified 
by the second "direction" of the apex specified by the second 
"apex ID". As for the direction, "0" indicates X axis direction, 
"1" indicates Y axis direction and "2" indicates Z axis 
direction. 

In the above example, the above formula is specified in 
the following; 

"checkifgtops, test2, Text4, 2, 0, 1, 0 M . 

In the above formula, "checkifgtops" is a code of the 
coordination check, and the latter portion "2, 0, 1, 0" indicates 
that in the case where the value of the X axis coordinate of the 
apex P2 is greater than the value of the X axis coordinate of 
the apex PI, it is determined that the coordination is fulfilled 
and in other case, it is not determined so.. 

When the four dimension lines are set as shown in Fig. 9, 
the dimension line data, the constraint condition data and the 
coordination check data are stored in the object library in the 
following manner: 

dim, test2, Text4, 1, 2, 1, -200, 2 

moveabs, test2, Text4, 2, 0, 3, 0 

moveabs, test2, Text4, 2, 0, 7, 0 
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moveabs, test2, Text4, 2, 0, 6, 0 
checkifgtpos, test2, Text4, 2, 0, 1, 0 
dimend, test2, Text4, 1, 2, 1, -200, 2 

dim, test2, Text4, 2, 3, 0, 200, 2 
moveabs, test2, Text4, 3, 1, 7, 1 
moveabs, test2, Text4, 3, 1, 10, 1 
moveabs, test2, Text4, 3, 1, 9, 1 
checkifgtpos, test2, Text4, 3, 1, 2, 1 
dimend, test2, Text4, 2, 3, 0, 200, 2 

dim, test2, Text4, 4, 11, 1, 200, 2 
moveabs, test2, Text4, 11, 0, 9, 0 
moveabs, test2, Text4, 11, 0, 10, 0 
moveabs, test2, Text4, 11, 0, 12, 0 
checkifgtpos, test2, Text4, 11, 0, 4, 0 
dimend, test2, Text4, 4, 11, 1, 200, 2 

dim, test2, Text4, 11, 9, 0, -200, 2 
moveabs, test2, Text4, 9, 1, 3, 1 
moveabs, test2, Text4, 9, 1, 7, 1 
moveabs, test2, Text4, 9, 1, 10, 1 
checkifgtpos, test2, Text4, 9, 1, 11, 1 
dimend, test2, Text4, 11, 9, 0, -200, 2 

In the above formulas, "dimend" is a code defining the 



15 



end of the constraint condition processing using the dimension 
lines. 

The objects such as peripheral devices, machines and 
parts, which relate to the robot motion, are classified. The 
shapes, the dimension lines, the constraint condition and the 
coordination check data of the object are inputted as described 
above. And, the phase data, the geometric data, the 
dimension line data, the constraint condition data and the 
coordination check data, which are necessary for specifying 
the shape of an object, are stored in the nonvolatile memory 
13 as an object library. When the object data was inputted in 
this manner, a reduced scale image of the object shape for 
menu display is formed based on the inputted object shape 
and is stored for the menu. 

In a state in which the object library has been completed 
and inputted in this manner, the monitoring action is started. 
Fig. 3 is a flowchart showing a procedure of the monitoring 
procedure according to the embodiment. 

If a modeling command is inputted from the keyboard, 
the processor 10 displays the object library menu on the 
display means 14b of the display unit 14 as shown in Fig. 8 
(step Bl). A t the beginning, a first item "workpiece 1" is 
selected, and a shape menu of object (parts) 3-D models 
registered in the "workpiece 1" is displayed in the shape menu 
display column 21 in the central portion of the screen. Then, 
the operator selects a class of the object to be inputted from 
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the class column 20 using the mouse 14 or a pointing device 
such as a cursor. 

When each of the items in the class column 20 is 
selected, the shape menu of the 3-D model of the object 
corresponding to the selected class item is displayed in the 
shape menu display column 21. 

For example, if "workpiece 1" is selected, a shape menu 
of 3-D models of workpieces (parts) registered as the 
"workpiece 1" in this class is displayed in the shape menu 
display column 21. If a class item "spotgun" is selected, a 
shape menu of 3-D models of registered spot guns is displayed 
in the shape menu display column 21. If a class item "robot" 
is selected, a shape menu of 3-D models of registered robots is 
displayed in the shape menu display column 21. 

Then, the operator selects a class item to have the shape 
menu of 3-D models of the object relating to the item displayed, 
operates a scroll bar 22 to scroll a screen of the shape menu 
display column 21, and selects a menu screen corresponding to 
a shape of the object to be inputted using the mouse 14d or the 
like. In the example shown in Fig. 8, an object name "test2" 
of the "workpiecel" has been selected, and the selected object 
ID is displayed in the selection column 23 (step B2). 

If the object 3-D model is selected in this manner, the 
processor 10 reads data of the selected object 3-D model data 
from the object library stored in the nonvolatile memory 13 
and stores the data in the RAM 12. Then the processor 10 
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displays a shape of the selected object 3-D model based on the 
phase data and geometric data of the object 3-D model, and 
further displays dimension lines and dimension leader lines 
based on the dimension line data (step B3). Further, the 
processor 10 calculates a length of an edge line corresponding 
to the set dimension line data using the apex coordinate 
position data in the stored geometric data, and displays the 
length of the edge line in the dimension line inputting column 
corresponding to the dimension line data, as shown in Fig.9. 

In Fig. 9, a reference numeral 30 represents a shape of a 
selected object 3-D model, and a reference numeral 31 
represents numeral value inputting columns which can change 
the shape or dimension of the displayed object 3-D model. 
Although Fig. 9 illustrate the symbols of the apexes "PI" to 
"P12", these symbols are not displayed on the screen in 
practice. However, the data of these apexes PI to P12 is 
stored as an object library. In the dimension numeral value 
inputting columns 31, displayed are lengths of dimension lines, 
or lengths of the distance between apexes, obtained from the 
shape of the object created when the object library was 
formed. 

The operator inputs a value corresponding to the 
dimension of the actual object which is actually used. In this 
case, if the operator selects one of numerical value inputting 
columns 31 using the mouse 14d, colors of the dimension line 
and dimension leader line corresponding to the selected 
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column 31 are changed, so that the operator can discriminate 
the edge line selected. For example, in Fig. 9, if the column of 
"dimension 1" is selected, an edge line between the apexes P2 
and P3 corresponding to this column is selected and colors of 
the dimension line showing its length and dimension leader 
line are changed. If the operator inputs an actual dimension 
of the edge line of object of which color has been changed, this 
inputted dimension is displayed in the corresponding column 
31. 

There exists an order for input of change of dimension. 
If the position of an apex determined by the length of a 
dimension line which was inputted earlier does not coincide 
with the position of the same apex determined by the length of 
another dimension line which was inputted lately, the position 
of the apex determined based on the length of a dimension line 
which was inputted lately takes precedence. For example, if, 
after input of the numerical value of a dimension line 
(dimension l) between the apexes P2 and P3, the numerical 
value of a dimension line (dimension 4) between the apexes 
Pll and P9 is inputted, then Y axis coordinate value of the 
apexes P3, P7, P9, P10 has to be the same value. However, if 
these values are not same, the Y axis coordinate values of the 
related apexes are changed based on the dimension 
(dimension 4) between the apexes Pll and P9. 

When input of the numerical value (dimension) of an 
edge line of which dimension is to be changed is completed, 
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the processor 10 calculates a coordinate position of each apex 
based on the constraint condition data stored as data of object 
3-D model, and changes a coordinate value of the apex, which 
corresponds to the data of the object 3-D model which was 
read from the object library and is stored in the RAM 12. A 
displayed shape is also changed based on the newly inputted 
dimension value (step B4). 

The procedures of steps Bl to B5 are carried out for the 
robot and all other objects relating the robot motion. Data of 
3-D model of a robot body, and data of 3-D models of 
peripheral devices, machines and parts which relate to the 
robot motion are read from the object library. The 
dimensions of the object 3-D model data, which is to be 
changed, are changed according to the above-described 
procedure, while the dimensions which is to be remained 
without change are stored in the RAM 12 as they are after 
being read out of the object library. 

When all the object 3-D model data relating to the robot 
motion are read and the dimension changing procedure is 
completed (step B5), a procedure for arranging the 3-D model 
of an object in a work cell where the robot system is disposed 
is carried out (step B6). 

The procedure for arranging the 3-D model of the object 
in the work cell is shown in Fig. 4. 

A plan view of a layout of the work cell is read and 
displayed (step Cl). There are many ways for reading out the 
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plan view of the layout. In the case of the example shown in 
Fig. 4, a plan view may be read, through the communication 
interface 15, from a plan view file which was generated using 
a CAD or the like and stored. A plan view may be read from 
storing medium such as a floppy disc through a driver (not 
shown). Further, a layout plan view drawn in a paper may be 
read using the scanner 16. Accordingly, a plan view of the 
layout of the work cell can be read using any one of the three 
methods and displayed on the display means 14b of the 
display unit. 

Fig. 10 shows one example of the plan view of the layout 
of the work cell, showing a plan views of the layout of the 
robot, table, workpiece and the like when the robot carries out 
the arc welding. Such a plan view is read and displayed on 
the display means 14b. 

Next, three points on a wire frame of the displayed plan 
view are designated to form a surface on an object image. 
Alternatively, three points on the wire frame are designated 
and a closed polygon including the three points is searched. 
If a closed polygon is found by the search, a surface is formed 
by this polygon (step C2). 

Next, the operator inputs the object definition command 
when defining the object on the plan view, while the operator 
inputs an object arranging command when arranging the 3-D 
model which had bee read from the object library and of which 
dimension has been adjusted, (step C3). 
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When defining the object, the operator designates a 
surface formed on the plan view and inputs a value of the Z 
axis coordinate which is the height direction. In consequence 
the designated surface is lifted by the designated value in the 
Z axis direction. And this coordinate value relating to the 
designated surface lifted is stored (step C4). A shape of the 
lifted surface is modified (step C5), thus completing this 
procedure. 

When arranging the 3-D model of the object, on the 
other hand, a surface formed on the plan view is designated, 
and the name of the object (object ID) of which 3-D model is to 
be arranged is inputted on the surface (step C6). The 
processor 10 causes the 3-D model of the designated object to 
move to the designated surface position (step C7). If 
definitions are to be carried out for a plurality of objects or 
arrangement of models are to be carried out for a plurality of 
objects, the procedures in steps C3 to C7 are repeated. 

When arrangement of the 3-D models of the objects in 
the work cell is completed, the procedure returns to Fig. 3, and 
shape changing processing for the object 3-D model is carried 
out based on information from outside (step C7). 

Fig. 5 is a flowchart showing shape changing processing 
for the object 3-D model shape. Moving a tool center point 
(TCP) mounted to the tip of the arm of an actual robot and 
positioning the TCP at four or more points which form 
physical features of the actual object, the coordinate positions 
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of these four or more points are detected with touch up on 
these points. In case where a vision sensor is used, on the 
other hand, the positions of the four or more points which 
form physical features of the actual object are detected using 
the sensor (step Dl). The position data of the detected four 
or more points are uploaded to the graphic display apparatus 
for robot system 1 (step D2). 

The graphic display apparatus for robot system 1 
designates the positions of the object 3-D models 
corresponding to the positions of the received four or more 
points, obtains a deviation between the positions of the 
detected points and the positions on the designated 3-D model, 
and adjusts the positions of each apex of the 3-D model, using 
the above-described constraint condition, so that the 
coordinate position of the designated point corresponds to the 
position of the detected point (step D3). 

Based on the apex position obtained in this manner, the 
phase data, the geometric data, the dimension line data and 
the like stored in the RAM 12 are changed and the shape of 
the object 3-D model to be displayed on the display means 14b 
are also changed (step D4), so that the shapes of the displayed 
object 3-D models may coincide with the shape of the actual 
object. Then, this shape changing processing for the object 
3-D model is completed. 

When the shape modification of the object 3-D model is 
completed, rearrangement processing for the 3-D model is 
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carried out based on information from outside (step B8). 
This processing is carried out for correcting a deviation 
between the arrangement position of the object 3-D model and 
that of the actual object. This processing is carried out 
according to the procedure shown in Fig. 6 or 7. 

In the method shown in Fig. 6, the tool center point 
(TCP) mounted to the tip of a robot arm is caused to move and 
touching up (positioning) by the TCP is carried out on three or 
more points of the actual object. Information on the points 
touched up is transmitted to the graphic display apparatus for 
robot system 1 through a communication line (steps El and 
E2). 

The graphic display apparatus 1, on the other hand, 
obtains a relative position of the object with respect to the 
robot from the received positions of the three points (step E3) 
and change the layout of the object 3-D model on the display 
screen based on the obtained relative position (step E4). 

In case of the method shown in Fig. 7 which uses a vision 
sensor, a position and a posture of the object are obtained by 
the vision sensor, and the obtained position and the posture 
are transmitted to the graphic display apparatus 1 (steps Fl 
and F2). The graphic display apparatus 1 obtains a relative 
position of the object with respect to the robot based on the 
received position and the posture (step F3), and change the 
layout of the object 3-D model on the display screen based on 
the relative position obtained in this manner (step E4). 
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Through the above procedures, shapes and layout of the 
3-D models of the objects such as the robot, the peripheral 
devices, the machines and the parts, which are displayed on 
the display means 14b of the display unit 14, and shapes and 
layout of the actual object substantially coincide with each 
other. 

Thereafter, a motion program of the robot is generated 
in the conventional manner (step B9) and the motion program 
is then verified by carrying out a simulation of the motion 
program, moving the robot 3-D model displayed on the screen 
in animation in the conventional manner. Then the motion 
program is modified if required so. In this manner, the 
motion program is completed (step BIO). 

The motion program thus generated is downloaded to 
the robot controller through the communication interface 15 
and the communication line (step Bll). The robot controller, 
on the other hand, executes the downloaded motion program 
(step B12). 

In the above embodiment, one standard type (shape) of 
robot is stored in advance for each kinds of robots in the object 
library in the form of a 3-D model. And, a robot 3-D model 
stored in the object library is selected in accordance with a 
kind or type (shape) of a robot to be used, and the dimensions 
of the selected model are set to form a 3-D model of the actual 
robot to be used. However, when there is no change in the 
robot to be used, a 3-D model of the robot to be used may be 
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directly read from the object library where the 3-D model of 
the robot has been stored, without newly creating the 3-D 
model of the robot. 

When a robot, a peripheral device, a machines or a part 
which has not been registered in the object library is newly 
requested for use, a 3-D model of the newly requested object is 
added to the object library according to the processing shown 
in Fig. 2 so as to cope with the change of a robot, a peripheral 
device, a machine or a part (workpiece). 

According to the present invention, it is possible to 
easily create shape models of a robot itself and/or peripheral 
devices, machines or parts, which relate to robot operation, 
which are displayed and caused to move on the screen in 
animation. 
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